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,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
5HVHDUFKRQ5REXVWQHVVRI7UHHEDVHG336WUHDPLQJ 
&KHQ&KX-LQ\DR<DQÁ.XDQJ]KHQJ'LQJDQG;L:DQJ
&RPPXQLFDWLRQXQLYHUVLW\RI&KLQD%HLMLQJ&KLQD


$EVWUDFW
5HVHDUFKRQ33VWUHDPLQJPHGLD LVDKRW WRSLF LQ WKHDUHDRI ,QWHUQHW WHFKQRORJ\ ,WKDVHPHUJHGDVDSURPLVLQJ
WHFKQLTXH 7KLV QHZ SDUDGLJP EULQJV D QXPEHU RI XQLTXH DGYDQWDJHV VXFK DV VFDODELOLW\ UHVLOLHQFH DQG DOVR
HIIHFWLYHQHVVLQFRSLQJZLWKG\QDPLFVDQGKHWHURJHQHLW\
+RZHYHU7KHUHDUHDOVRPDQ\SUREOHPVLQ33VWUHDPLQJPHGLDV\VWHPVXVLQJWUDGLWLRQDOWUHHEDVHGWRSRORJ\VXFK
DVWKHEDQGZLGWKOLPLWVEHWZHHQSDUHQWVDQGFKLOGQRGHVQRGH¶VMRLQLQJRUOHDYLQJKDVDJUHDWHIIHFWRQUREXVWQHVVRI
WUHHEDVHGWRSRORJ\
7KLVSDSHUZLOOLQWURGXFHDPHWKRGRIPHDVXULQJWKHUREXVWQHVVRIWUHHEDVHGWRSRORJ\XVLQJQHWZRUNPHDVXUHPHQW
ZHREVHUYHDQGUHFRUGWKHEDQGZLGWKEHWZHHQDOOWKHQRGHVDQDO\VHVWKHFRUUHODWLRQEHWZHHQDOO WKHVLEOLQJIORZV
PHDVXUH WKH UREXVWQHVVRI WUHHEDVHG WRSRORJ\$QG WKH UHVXOW VKRZV WKDW LQ WKH7UHHEDVHG WRSRORJ\ WKHGLIIHUHQW
OLQNVZKLFKKDYHVLPLODUURXWLQJSDWKVZRXOGVKDUHWKHEDQGZLGWKERWWOHQHFNUHGXFHWKHUREXVWQHVVRIWKH7UHHEDVHG
WRSRORJ\

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGVFRPSRQHQW33VWUHDPLQJPHLGLDUREXVWQHVVQHWZRUNHDVXUHPHQW,SHUI3ODQHW/DE
,QWURGXFWLRQ
33 WHFKQLTXH LV D KRW WRSLF LQ ,QWHUQHW UHVHDUFK DQG LW LV ZLGHO\ XVHG LQ VHYHUDO DVSHFWV VXFK DV
UHVRXUFHVKDULQJGLVWULEXWHGFRPSXWLQJLQVWDQWFRPPXQLFDWLRQLQIRUPDWLRQUHWULHYDOQHWZRUNVWRUDJHLQ
:$1DQGVRRQ33VWUHDPLQJPHGLDWHFKQLTXHLVIRUPHGE\OHDGLQJ33WHFKQLTXHLQWRVWUHDPLQJPHGLD
V\VWHP>@33VWUHDPLQJPHGLDWHFKQLTXHFDQHIIHFWLYHO\UHGXFHWKHVWUHDPLQJPHGLDVHUYHU¶VSUHVVXUHLQ
&6PRGHIXOOXVHRIQHWZRUNEDQGZLGWKDQGLPSURYHWKHDXGLRYLGHRVWUHDPLQJWUDQVPLVVLRQTXDOLW\
&XUUHQWO\ DFFRUGLQJ WR WKHLU ZRUN SULQFLSOH 33 VWUHDPLQJ PHGLD V\VWHP FDQ EH GLYLGHG LQWR WZR
PRGHVWUHHEDVHGSURWRFRODQGH[WHQVLRQVPRGHODQGGDWDGULYHQPRGHO>@ 
,Q WKH WUHHEDVHG SURWRFRO DQG H[WHQVLRQV PRGHO )LJXUH  WKH URRW RI WKH WUHH LV WKH VHUYHU RI
VWUHDPLQJ PHGLD VRXUFH HYHU\ SDUHQW QRGH LQ WKH PXOWLFDVW WUHH VHQGV WKH GDWD WR LWV FKLOG QRGHV ,Q
)LJXUHQRGH$DQG%JHWGDWDIURPVRXUFHQRGHQRGH&DQG'JHWGDWDIURPQRGH$QRGH(JHWVGDWD
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
IURP QRGH% 7KLV PRGH FDQ UHPRYH WKH OLQN QRW QHFHVVDU\ DQG PLQLPL]H WKH V\VWHP HQVXUH WKDW DOO
SDFNHWVFDQEHWUDQVPLWWHGWRHDFKQRGHLQWKHV\VWHP 
 
)LJXUH  7UHHEDVHG3URWRFRODQG([WHQVLRQV0RGHO
+RZHYHUWKHEDQGZLGWKRISDUHQWQRGHLQPXOWLFDVWWUHHOLPLWVPD[LPXPEDQGZLGWKRILWVVXEWUHHWKH
ERWWOHQHFNRIEDQGZLGWK H[LVWV HYHU\ZKHUH LQ WKHPXOWLFDVW WUHH>@ ,Q WKLV VLWXDWLRQ LI WKH OLQNEHWZHHQ
SDUHQWDQGFKLOGQRGHVVKDULQJDERWWOHQHFNXQGHUGLIIHUHQWEUDQFKHVLWZLOOKDYHDEDGHIIHFWRQWKHTXDOLW\
RI VWUHDPLQJ PHGLD SOD\LQJZRUVH RQ FKLOG QRGH JUHDWO\ 7KHUHIRUH WKH SXUSRVH RI WKLV SDSHU LV WR GR
QHWZRUNPHDVXUHPHQW WRREVHUYH WKH VLEOLQJ IORZV¶EDQGZLGWKFKDQJLQJZKHQ D QHZQRGH MRLQ LQWR WKH
7UHHEDVHGWRSRORJ\PHDVXUHWKHUREXVWQHVVRIWKLV7UHHEDVHGWRSRORJ\
1HWZRUN0HDVXUHPHQW7HFKQRORJLHV 
0HDVXUHPHQW0HWKRG
6LQFH LWKDVPDQ\FODVVLILFDWLRQVRI WKHPHDVXUHPHQWPHWKRG WKLVDUWLFOHRQO\ LQWURGXFHV VRPHPRVW
EDVLFFODVVLILFDWLRQV>@>@ 
y $FFRUGLQJ WR WKH QXPEHU RI QRGHV LQ WKH PHDVXUHPHQW HQYLURQPHQW LW FDQ EH GLYLGHG LQWR
VLQJOHSHHUEDVHGQHWZRUNPHDVXUHPHQWDQGPXOWLSHHUEDVHGQHWZRUNPHDVXUHPHQW
y $FFRUGLQJ WR WKDW ZKHWKHU WKH QRGH WHVWHG LV NQRZQ LW FDQ EH GLYLGHG LQWR FRRSHUDWLYH QHWZRUN
PHDVXUHPHQWDQGQRQFRRSHUDWLYHQHWZRUNPHDVXUHPHQW 
y $FFRUGLQJ WR WKH ORFDWLRQ RI WKH QRGH LW FDQ EH GLYLGHG LQWR HQG WR HQG QHWZRUNPHDVXUHPHQW DQG
GLVWULEXWHGQHWZRUNPHDVXUHPHQW
y $FFRUGLQJ WR WKH EHKDYLRU RIPHDVXUHPHQW LW FDQ EH GLYLGHG LQWR DFWLYH QHWZRUNPHDVXUHPHQW DQG
SDVVLYHQHWZRUNPHDVXUHPHQW
REMHFWRIQHWZRUNPHDVXUHPHQW
$FFRUGLQJ WR WKHREMHFWRIQHWZRUNPHDVXUHPHQW LWFDQEHGLYLGHG LQWRQHWZRUN WRSRORJ\GLVFRYHU\
1HWZRUN)ORZPHDVXUHPHQW1HWZRUN3HUIRUPDQFHPHDVXUHPHQWDQG5RXWLQJ([SORUHHWF$PRQJWKHP
1HWZRUN 3HUIRUPDQFH PHDVXUHPHQW FDQ UHIOHFW WKH OHYHO RI QHWZRUN VHUYLFH TXDOLW\ EHVW 1HWZRUN
3HUIRUPDQFHSDUDPHWHUVLQFOXGHSHUIRUPDQFH,QGLFDWRUVEDVHGRQ1HWZRUNOD\HU:D\GHOD\5RXQG7ULS
7LPH3DFNHWORVVUDWLREDQGZLGWKFRQQHFWLYLW\HWF7UDQVSRUWOD\HUDQG$SSOLFDWLRQOD\HU 
0HDVXUHPHQW7RROV
 0HDVXUHPHQW WRRO LV DQ LPSRUWDQWFRPSRQHQWRIPHDVXUHEHKDYLRUDO FKDUDFWHULVWLFV$WSUHVHQW WKH
PHDVXUHPHQW WRROV EDVHG1HWZRUN3HUIRUPDQFHPHDVXUHPHQW VXFK DV SLQJ ISLQJ SDWKFKDU EDVHG IORZ
PHDVXUHPHQW VXFK DV ,SHUI QHWSHUI QHWIORZ DQG QHWWUDPHW EDVHG WRSRORJ\ H[SORUH VXFK DV WUDFHURXWH
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
$6([SORUHUDQG5RXWH5UDFNHU6HOHFWLRQRIQHWZRUNPHDVXUHPHQWWRROLVDQLPSRUWDQWLPSDFWRQQHWZRUN
PHDVXUHPHQW UHVXOWV ,Q WKLV SDSHU WKH V\VWHP VLPXODWLRQ PDLQ XVH EDVHG 1HWZRUN 3HUIRUPDQFH
PHDVXUHPHQWWRRO,SHUIDQGURXWLQJH[SORUHPHDVXUHPHQWWRROWUDFHURXWH
6LPXODWLRQ7RROV,QWURGXFWLRQ
,QWKLVSDSHU33VWUHDPLQJPHGLDWUHHWRSRORJ\ZDVEXLOWE\WKHQRGHVHOHFWHGLQ3ODQHW/DEXVLQJ
,SHUIWRGREDQGZLGWKPHDVXUHPHQW 
3ODQHW/DE
3ODQHW/DE>@LVDJURXSRIFRPSXWHUVDYDLODEOHDVDWHVWEHGIRUFRPSXWHUQHWZRUNLQJDQGGLVWULEXWHG
V\VWHPVUHVHDUFK,WZDVHVWDEOLVKHGLQDQGQRZDGD\V3ODQHW/DEVLWHVKDGLQFOXGLQJQRGHVLQ
VLWHVXQWLO0D\DQGWKLVQXPEHUFRQWLQXHVWRLQFUHDVH(DFKUHVHDUFKSURMHFWKDVDVOLFHRU
YLUWXDOPDFKLQHDFFHVVWRDVXEVHWRIWKHQRGHV)LJXUHVKRZVWKHGLVWULEXWLRQRIWKHVHQRGHV¶ORFDWLRQ

)LJXUH/RFDWLRQVRI3ODQHW/DEQRGHV
%HFDXVHWKHQRGHVDUHZLGHO\GLVWULEXWHGLQWKH,QWHUQHWWKHDGYDQWDJHXVLQJ3ODQHW/DEIRUUHVHDUFKHUV
LV WKDW LW FDQGR ODUJHVFDOH UHVHDUFK RQ ORWV RI VHUYLFHV LQ WKH UHDOZRUOG FRQGLWLRQV ,Q DGGLWLRQ LW FDQ
REVHUYHDQGUHFRUGWKHVWDWXVRIWKHQHWZRUN(DVLO\FRQWURODQGWRWKHQRGHVXVHGLQH[SHULPHQWV 
,SHUI
,SHUI>@LVGHYHORSHGE\WKH1DWLRQDO/DERUDWRU\IRU$SSOLHG1HWZRUN5HVHDUFK1/$15DQGLW LV
PDLQWDLQHG E\ WKH 8QLYHUVLW\ RI ,OOLQRLV FXUUHQWO\ ,SHUI SURYLGHV VHYHUDO GLIIHUHQW W\SHV RI 7&38'3
FRPPXQLFDWLRQWHVWEHWZHHQWZRQHWZRUNKRVWVDQGFDQEHUXQRQERWK81,;/,18;DQG:LQGRZV,WV
SULPDU\ JRDO LV WR KHOS V\VWHP DGPLQLVWUDWRUV WR ILQHWXQHQHWZRUN DSSOLFDWLRQV DQG7&3SDUDPHWHUV RQ
VHUYHUV
,SHUI FDQEHXVHG WRGHWHUPLQH WKH VWDQGDUGSHUIRUPDQFH VWDWLVWLFV LQIRUPDWLRQRI QHWZRUN DQG7&3
ZLQGRZSHUIRUPDQFHRIQHWZRUNWHVWIORZEHWZHHQ81,;/,18;DQG81,;/,18;81,;/,18;DQG
:LQGRZV RU :LQGRZV DQG :LQGRZV %\ ILQHWXQLQJ QHWZRUN KRVWV DQG DSSOLFDWLRQV LW FDQ LPSURYH
DSSOLFDWLRQSHUIRUPDQFH LWV QHWZRUN HQYLURQPHQW >@ ,W LVEDVHGRQ&6PRGH DQG LW FDQ WHVW7&3DQG
8'3PD[LPXPEDQGZLGWKE\DGMXVWLQJYDULRXVSDUDPHWHUVDQGUHSRUWVEDQGZLGWKGHOD\MLWWHUSDFNHWORVV
PD[LPXPWUDQVPLVVLRQXQLWVL]HDQGPD[LPXPVWDWLVWLFV
 $FFRUGLQJ WR WKH IHDWXUHDERXW VHQGLQJ UHDO7&3 IORZ WRGR WKHEDQGZLGWKPHDVXUHPHQW WKH,SHUI
IORZFDQVLPXODWHWKH33IORZZKHQLWGRWKHPHDVXUHPHQWZRUN
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
6\VWHP EXLOGLQJDQG([SHULPHQW
([SHULPHQW7RSRORJ\
 7KHH[SHULPHQWXVHDWUDGLWLRQDO7UHHEDVHGWRSRORJ\)LJXUHEXLOWZLWKWKHQRGHVVHOHFWHGLQWKH
3ODQHW/DE

)LJXUHWKH7UHHEDVHGWRSRORJ\IRUWKHH[SHULPHQW
([SHULPHQWDO0HWKRGV
$W WKH%HJLQQLQJRI WKHH[SHULPHQW WKH ,SHUI OLQNVEHWZHHQHDFKSDUHQWFKLOGQRGHZHUHHVWDEOLVKHG
VHSDUDWHO\H[FHSWQRGHPHDVXUHWKHLUEDQGZLGWKDQGUHFRUG LW LQWRD7;7ILOH$IWHUDSHULRGRI WLPH
MRLQQRGHWRWKHH[SHULPHQWWRSRORJ\ZLWK,SHUI0HDVXUHLWVEDQGZLGWKDQGUHFRUGLWLQWRDQRWKHU7;7
ILOH
([SHULPHQWDOGDWDDQGDQDO\VLV
 $IWHU QRGH MRLQHG WR WKH WRSRORJ\ WKHEDQGZLGWK WRPRVW QRGHZDVQRW FKDQJHGH[FHSW WKH OLQN
EHWZHHQ8!9DQG8!9VKRZHGLQ)LJXUHDQGZLWKWKHEDQGZLGWKMLWWHULQRQHOLQNWKHEDQGZLGWK
ZDVDOVRMLWWHULQJLQWKHRWKHUOLQN

)LJXUHWKH7UHHEDVHGWRSRORJ\IRUWKHH[SHULPHQW
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
$QGSDUWVRIWKHEDQGZLGWKGDWDRIWKHVHWZROLQNVDUHVKRZQLQ)LJXUH

)LJXUHWKH  EDQGZLGWKGDWDRI8!9DQG8!9
:HXVHGWUDFHURXWHWRILQGWKHURXWLQJSDWKVRIWKHVHWZROLQNVDQGIRXQGWKDWWKHLUSDWKVDOOKDYHWKH
VDPHSDUW
yYHFLVFRQRWHPDFKLZLGHDGMS
yDSDQMSWOH[QHW 
yORVDWRN\RWSWUDQVSDFQHW 
yELOHQHORMPEOVDQFDSDFLILFZDYHQHW
y[HUWUKRXVQHWLQWHUQHWHGX
y[HUWUNDQVQHWLQWHUQHWHGX
yNVWHQJHUJUHDWSODLQVQHW
y 
yZVHFJHXQOHGX 
yZVHFFWHXQOHGX 
yROGKGWHXQOHGX 
7KHUHVXOWVKRZV WKDW WKHURXWLQJSDWKVRI WZR OLQNVDUHVLPLODU:HPDNH WKH WRSRORJ\VLPSOH WREH
DQRWKHUGLUHFWVKDSHMXVWVKRZLQ)LJXUH

)LJXUHWKHURXWLQJSDWKVRIWKHWZROLQNV
$VZHDOONQRZWZRGLIIHUHQWOLQNVZLWKVLPLODUURXWLQJSDWKVZLOOVKDUHWKHEDQGZLGWK:KHQWKHWZR
OLQNVDUHVKDUHGLQSDWKVDVVKRZQLQ)LJXUHWKHEDQGZLGWKRIOLQN8WR9GURSSHGLPPHGLDWHO\IURP
WKHUHODWLYHO\VWDEOHFRQGLWLRQDIWHUWKH,SHUIOLQNZDVMRLQHGDQGLWKDVDFRUUHVSRQGLQJMLWWHUZLWKWKHMLWWHU
RIOLQN8WR9
7KH UHVXOWV VKRZV WKDW LQ WKH WUDGLWLRQDO 33 VWUHDPLQJ PHGLD 7UHHEDVHG WRSRORJ\ DIWHU WKH OLQN
EHWZHHQ QHZ QRGH MRLQHG WR WKH WRSRORJ\ DQG LWV SDUHQW QRGH KDYH HVWDEOLVKHG LW JUHDWO\ LPSDFW RQ
EDQGZLGWKFRQGLWLRQVRIRWKHUVOLSOLQNZKLFKKDYHVLPLODUURXWLQJSDWKVZLWKLWDQGWKHWZRVLPLODUOLQNV
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
VKDUH EDQGZLGWK ERWWOHQHFN %HFDXVH WKH SDUHQW QRGH RI WKH PXOWLFDVW WUHH OLPLWV LWV PD[LPXP LQSXW
EDQGZLGWKRILWVVXEWUHHVRWKHVKDUHGEDQGZLGWKERWWOHQHFNZLOOQRWRQO\GHFUHDVHWKHLURZQEDQGZLGWK
KDYHDEDGHIIHFWRQ WKHLUFKLOGQRGHVDERXWWKHTXDOLW\RIVWUHDPLQJPHGLDEXWDOVRDIIHFW WKHSOD\EDFN
TXDOLW\RIVWUHDPLQJPHGLDWKHQRGHLQWKHORZHUOLQNUHVXOWLQJLQGHFOLQHLQWKHUREXVWQHVVRI7UHHEDVHG
WRSRORJ\$QGZH IRXQG DPHWKRG WRPHDVXUH WKH UREXVWQHVVRI7UHHEDVHG WRSRORJ\ LQ 33 VWUHDPLQJ
PHGLDV\VWHP
)XUWKHU5HVHDUFK
7KLV SDSHU IRXQG DQG YHULILHG D PHWKRG WR PHDVXUH WKH UREXVWQHVV RI 7UHH EDVHG WRSRORJ\ LQ 33
VWUHDPLQJPHGLDV\VWHP6RDQHZDOJRULWKPIRUQRGHVHDUFKLQJVKRXOGEHGHVLJQHGLQRUGHUWRDYRLGWKH
RFFXUUHQFHRIVKDUHGEDQGZLGWKERWWOHQHFNSUHVHUYHWKHUREXVWQHVVRIWUDGLWLRQDO7UHHEDVHGWRSRORJ\$QG
XVHWKLVPHWKRGWRIHHGEDFNWKHPHULWVRIWKHQHZDOJRULWKPIRUQRGHVHDUFKLQJ
$FNQRZOHGJHPHQWV
7KLVZRUN LV VXSSRUWHGE\ WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI35&KLQD 1R
6FLHQFH7HFKQRORJ\5HVHDUFKNH\3URMHFWRI0LQLVWU\RI(GXFDWLRQ1RDQGSDUWO\VXSSRUWHGE\
3URJUDPIRU1HZ&HQWXU\([FHOOHQW7DOHQWVLQ8QLYHUVLW\1&(7
5HIHUHQFHV
>@ -XDQ:DQJ3HQJKXL+XDQJ<DQTLQ=KX5HVHDUFKRQ33VWUHDPLQJPHGLDV\VWHPDQG.H\WHFKQLTXH,QIRUPDWLRQIUHHO\

>@ $ *DQHVK $0 .HUPDUUHF /0DVVRXOLH SHHUWRSHHU PHPEHUVKLS PDQDJHPHQW IRU JRVVLSEDVHG SURWRFROV>&@ ,(((
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